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Description 

[0001] The present invention relates to propylene copolymers and a process for producing same. More particularly, 
the present invention relates to propylene copolymers produced by the aid of a specific metallocene catalyst system, 
wherein a percentage of mis-insertion in the copolymers is highly controlled and the copolymers possess heat-resisting 
property and a high melt strength and a low MFR and are narrow in molecular weight distribution excellent in particulate 
properties as well as a process for producing the copolymers possessing high stereoregularity at a practical polymer- 
ization temperature. 

[0002] Olefin polymers or copolymers such as polypropylene or polyethylene are excellent in mechanical properties 
and chemicals-resistance and are very useful in balance to an economic aspect so that they are employed in the field 
of various moldings. From the past, these olefin polymers or copolymers were produced by polymerizing or copolym- 
erizing olefins by the aid of a so-called Ziegler-Natta catalyst which is a combination of a transition metal catalytic 
component comprising titanium trichloride and/or tetrachloride carried on a support such as magnesium chloride with 
an organoaluminum compound. 

[0003] In recent years, on the other hand, a process for producing olefin polymers or copolymers by polymerizing or 
copolymerizing olefins by the aid of a new catalyst different from the conventional catalyst system has been carried 
out, the new catalyst being comprised of a metallocene and an aluminoxane. Olefin polymers or copolymers produced 
by way of this metallocene catalyst system are distinguished themselves by their narrow molecular weight distribution 
and by the fact that in case of copolymers, the comonomer has homogeneously been copolymerized therein so that 
olefin polymers or copolymers which are more homogeneous than the conventional olefin copolymers or copolymers 
can be obtained. However, olefin polymers or copolymers obtained by way of these metallocene catalysts are lower 
in melt strength and may be limited in use according to the fields of application, as compared with olefin polymers or 
copolymers obtained by way of a conventional catalyst system. 

[0004] As means for enhancing melt strength and elevating crystallizing temperature of polypropylene, there are 
disclosed a process wherein polypropylene is reacted with an organic peroxide and a crosslinking assistant in molten 
state (Japanese Laid-open Patent Appln. No. Sho. 59-93711 and Japanese Laid-open Patent Appln. No. Sho. 
61-152754), a process wherein a semi-crystalline polypropylene is reacted with a low decomposition temperature 
peroxide in the presence of oxygen to produce polypropylene having long chain branches and containing no gel (Jap- 
anese Laid-open Patent Appln. No. Hei. 2-298536), etc. 

[0005] As another means for enhancing melt strength and melt viscoelasticity, there are proposed a composition 
incorporated with polyethylene or polypropylene different in intrinsic viscosity or molecular weight or a process for 
producing such composition according to a multi-stage polymerization. 

[0006] Such examples include, for example, a process wherein 100 parts by weight of ordinary polypropylene is 
incorporated with 2-30 parts by weight of ultra-high molecular weight polypropylene and a mixture is extruded at a 
temperature above the melting point but lower than 210°C (Japanese Patent Publn. No. Sho. 61-28694), an extruded 
sheet comprising two different polypropylene components of a limiting viscosity ratio of at least 2 obtained according 
to the multi-stage polymerization method (Japanese Patent Publn. No. Hei. 1-12770), a process for producing a pol- 
yethylene composition comprising 3 kinds of polyethylene different in viscosity average molecular weight containing 
1-10% byweight of polyethylene of a high viscosity average molecular weight according to melt-kneading method or 
a multi-stage polymerization method (Japanese Patent Publn. No. Sho. 62-61057), a process for producing polyeth- 
ylene wherein ultra-high molecular weight polyethylene having at least a limiting viscosity of 20 dl/g is polymerized by 
0.05-1% by weight according to the multi-stage polymerization method by the aid of a highly active titanium-vanadium 
solid catalyst component (Japanese Patent Publn. No. 5-79683), and a process for producing polyethylene wherein 
ultra-high molecular weight polyethylene having a limiting viscosity of at least 15 dl/g is polymerized by 0.1-5% by 
weight according to the multi-stage polymerization method using polymerization vessels of a specific configuration by 
the aid of a highly active titanium catalyst component subjected to a preliminary polymerization treatment with 1 -butene 
or 4-methyM-pentene (Japanese Patent Publn. No. Hei. 7-8890). 

[0007] Further known are a process for producing polypropylene of high melt strength by polymerization of propylene 
by the aid of a preliminary polymerization catalyst derived from a supported-type titanium-containing solid catalyst 
component and an organoaluminum compound catalyst component subjected to a preliminary polymerization treatment 
with ethylene and a polyene (Japanese Laid-open Patent Appln. No. Hei. 5-222122) and a process for producing a 
linear low density polyethylene (LLDPE) of high melt strength by the aid of a preliminary polymerization catalyst con- 
taining polyethylene of a limiting viscosity of at least 20 dl/g obtained by a similar catalyst component subjected to 
preliminary polymerization with ethylene alone (Japanese Laid-open Patent Appln. No. Hei. 4-55410). 
[0008] As an attempt to enhance melt tension in case of using the metallocene catalyst system, there are proposed 
a process wherein a catalyst comprising a silica support containing 1 .0% by weight of water, a metallocene, a methy- 
laluminoxane and triisobutylaluminum is used (Japanese laid-open Patent Appln. No. Hei. 5- 1 40224) , a process where- 
in two kinds of metallocene compounds are used as catalyst component (Japanese Laid-open Patent Appln. No. Hei. 
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5-255436, 5-255437, and Japanese Laid-open Patent Appln. No. Hei. 6-206939) and a process wherein montmorillonite 
is used in the metallocene catalyst system (Japanese Laid-open Patent Appln. No. Hei. 7-188336). 
[0009] In these various compositions or a process for producing thereof, however, enhancement of melt strength to 
a certain degree may be recognized under the measurement condition of polyolefins at 1 90°C, nevertheless problems 
still remain in enhancement of melt strength under the use condition above 200°C, remaining of odor due to a crosslink- 
ing assistant, enhancement of physical properties other than melt strength such as heat-resisting property and crys- 
tallizing temperature. 

[001 0] In case of using metallocene catalyst system, the processes proposed above may be effective to enhance 
melt tension to a certain degree under the measurement condition of polyolefin at 190°C, but are not sufficient to 
enhance melt tension at higher temperature, for example, under use condition above 200°C so that enhancement of 
melt strength is continuously desired. 

[0011] In recent years, examples of copolymers of a non-conjugated diene and propylene or the like is reported 
which is polymerized by the aid of a metallocene catalyst, for example, in Japanese Laid-open Patent Appln. Nos. Hei. 
5-222251 and Hei. 5-222121. In Examples of these publications, however, there is nowhere given the case of using 
metallocene catalysts. But it cannot be anticipated therefore that propylene copolymers obtained by copolymerizing 
propylene at a practical polymerization temperature above 45°C by the aid of a metallocene catalyst are low in stere- 
oregularity and not satisfactory in molecular weight in addition to insufficient melt strength so that the copolymers are 
unable to be used practically. 

[0012] In Japanese Laid-open Patent Appln. No. Hei. 7-138327 t there is reported an example for copolymerization 
of propylene and an cc.w-diene. In this case, however, the polymerization temperature is lower than 45°C at which a 
practical polymerization is carried out and the molecular weight of the resultant copolymer is extremely low. What is 
more, since the catalyst is not carried on a support, mass production of copolymers in a practical process may be 
difficult. 

[0013] In Japanese Laid-open Patent Appln. No. Hei. 8-92317, too, there is reported an example of copolymerzation 
for propylene and a polyene. However, the polymerization temperature is lower than 45°C which is a practical polym- 
erization temperature. Further, stereoregularity of the resultant copolymer is at any rate high at a polymerization of 
25°C shown in Examples but lower at a polymerization temperature above 45°C. During insertion of the total propylene, 
a ratio of a mis-inserted unit based on 2,1 -insertion of propylene monomer is greater than 1 .0% so that it cannot be 
said that control of high stereoregularity is made. Moreover, the catalyst system is not carried on a support so that 
mass production of the copolymer is impossible in a practical process. 

[0014] This publication nowhere gives any description or suggestion on heat- resisting property of a copolymer of 
propylene or the like olefin with an a,w-diene copolymerized by the aid of a metallocene catalyst system. 
[0015] Accordingly, it is an object of the present invention to provide propylene copolymers possessing a narrow 
molecular weight distribution, high melt strength, heat-resisting property, a low MFR and excellent in particulate prop- 
erties wherein the percentage of mis-insertion in the copolymer is highly controlled as well as a process for producing 
the copolymers wherein high stereoregularity is maintained even at a practical polymerization temperature. 
[0016] The present invention has been proposed to achieve the aforesaid object and has an important feature in 
copolymerization of propylene with a small amount of an a,u>-diene by the aid of a specific catalyst system. 
[0017] According to the present invention, there is provided propylene copolymers comprised predominantly of a 
copolymer of propylene and an a,u>-diene and having a melting point of 1 47-1 60°C, a ratio of a mis-inserted unit based 
on 2,1-insertion of propylene monomer in the total propylene insertion being 0.05-1.0%, a content of the a,u>-diene 
being 0.01 -2% by weight, and an Mw/Mn being 1 .5-3.8. 

[0018] According to the present invention, there is also provided the aforesaid propylene copolymers wherein a 
melting point is 152-1 60°C. 

[0019] According to the present invention, there is further provided random propylene copolymers comprised pre- 
dominantly of propylene and 0.1-15% by weight of ethylene and/or an a-olefin having at least 4 carbon atoms and 
having melting point of 100-160°C, a ratio of a mis-inserted unit based on 2,1-insertion of propylene monomer in the 
total propylene insertion being 0.05-1 .0%, a content of an a.w-diene being 0.01-2% by weight, and an Mw/Mn being 
1 .5-3.8, which has been obtained by conducting copolymerization of propylene and ethylene and/or an a-olefin having 
at least 4 carbon atoms. 

[0020] According to the present invention, there is still further provided Propylene-based block copolymers having 
a ratio of a mis-inserted unit based on 2,1-insertion of propylene monomer in the total propylene insertion being 
0.05-1 .0%, and a content of an a.co-diene being 0.01 -2% by weight, which are comprised of a propylene homopolymer 
or a propylene random copolymer containing 0.1-15% by weight of ethylene and/or an a-olefin with at least 4 carbon 
atoms as a first stage polymerization product, and a propylene random copolymer as a rubbery component containing 
30-80% by weight of ethylene and/or an a-olefin with at least 4 carbon atoms as a successive second stage polymer- 
ization product, a proportion of the second stage polymerization product being 5-70% by weight, and an a,a>-diene 
having been random copolymerized at the first stage and/or the second stage polymerization. 
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[0021 ] According to the present invention, there is still further provided the aforesaid propylene copolymers wherein 
an a-olefin is at least one selected from the group consisting of 1-butene, 1-hexene and 1-octene. 
[0022] According to the present invention , there is still further provided the aforesaid propylene copolymers wherein 
an a.o-diene is at least one selected from the group consisting of 1 ,5-hexadiene, 1 ,7-octadiene and 1 ,9-decadiene. 
s [0023] According to the present invention, there is still further provided the aforesaid propylene copolymers wherein 
the a,o)-diene is 1 ,9-decadiene. 

[0024] According to the present invention , there is still further provided the aforesaid propylene copolymers wherein 
the content of the ct.w-diene is from 0.01% by weight to 0.05% by weight. 

[0025] According to the present invention, there is provided a process for producing the propylene copolymers at a 
10 temperature above 45°C by the aid of a catalyst system comprised predominantly of the following compounds (A), (B), 
(C) and (D): the compound (A) being a transition metal compound of the general formula: 

QtCsH^R^XCsH^R^JMXY [I] 

15 

wherein (C 5 H 4 . m R 1 m ) and (C 5 H 4 _ n R 2 n ) each stand for a substituted cyclopentadienyl group, m and n each stands for 
an integer of 1-3, R 1 and R 2 may be the same or different and each stands for a hydrocarbon group with 1-20 carbon 
atoms, a silicon-containing hydrocarbon group, with the proviso that the site and kind of R 1 and R 2 on the cyclopen- 
tadienyl rings should take a configuration where any symmetrical plane containing M is absent and that R 1 or R 2 is 

20 existent in at least one carbon atom adjacent to the carbon atom connected to Q in at least one cyclopentadienyl ring, 
Q stands for a bivalent hydrocarbon radical, unsubstituted silylene radical or a hydrocarbon -substituted silylene radical 
bridging the groups (C 5 H 4 . m R 1 J and (CgH^R 2 ,,), M stands for a transition metal Ti, Zr or Hf, and X and Y may be 
the same or different and each stands for a hydrogen atom, a halogen atom or a hydrocarbon group, 
the compound (B) being an aluminoxane, 

25 the compound (C) being an organoaluminum compound, and 
the compound (D) being a finely particulate carrier. 

[0026] According to the present invention, there is still further provided a process for producing the aforesaid pro- 
pylene copolymers wherein the compound (A) is dimethylsilylene(2 : 3,5-trimethylcyclopentadi 
clopentadienyl)zirconiumdichloride or dimethyls!^ 

30 enyl)hafnium dichloride. 

[0027] According to the present invention, there is still further provided a process for producing the aforesaid pro- 
pylene copolymers wherein the copolymers are produced by a vapor phase polymerization process. 
[0028] Fig. 1 is a flow sheet showing a process for producing propylene copolymers of the present invention. An 
important feature of the present invention resides in propylene copolymers polymerized at a temperature above 45°C 

35 by the aid of a supported-type catalyst system using a specific metallocene compound. 

[0029] Propylene copolymers obtained according to this process are the copolymers of high stereoregularity having 
a melting point of 147-160°C, preferably 152-160°C which have not been obtained by using conventional catalyst 
systems. 

[0030] The supported-type catalyst system used in the present invention is comprised predominantly of the following 
*o compounds (A), (B), (C) and (D): 

the compound (A) being a transition metal compound of the general formula: 

Q^sH^R^XCsH^R^JMXY [I] 

45 

wherein (C 5 H 4 . m R 1 m ) and (C 5 H 4 . n R 2 n ) each stand for a substituted cyclopentadienyl group, m and n each stands for 
an integer of 1-3, R 1 and R 2 may be the same or different and each stands for a hydrocarbon group with 1-20 carbon 
atoms, a silicon-containing hydrocarbon group, with the proviso that the site and kind of R 1 and R 2 on the cyclopen- 
tadienyl rings should take a configuration where any symmetrical plane containing M is absent and that R 1 or R 2 is 

50 existent in at least one carbon atom adjacent to the carbon atom connected to Q in at least one cyclopentadienyl ring, 
Q stands for a bivalent hydrocarbon radical, unsubstituted silylene radical or a hydrocarbon-substituted silylene radical 
bridging the groups (C 5 H 4 . m R 1 m ) and (CgH^ R 2 n ), M stands for a transition metal Ti, Zr or Hf, and X and Y may be 
the same or different and each stands for a hydrogen atom, a halogen atom or a hydrocarbon group, 
the compound (B) being an aluminoxane, 

55 the compound (C) being an organoaluminum compound, and 
the compound (D) being a finely particulate carrier. 

[0031] The propylene polymers or copolymers of the present invention obtained by the aid of the carrier type catalyst 
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system at a temperature above 45°C are defined as given in the following factors (1)-(3) : 

(1) Propylene copolymers comprised predominantly of propylene and an a,a)-diene having a melting point of 
147-160°C, preferably 152-160°C, a ratio of a mis-inserted unit based on 2,1-insertion of propylene monomer in 
the total propylene insertion being 0.05-1 .0%, a content of the a,u>-diene being 0.01 -2% by weight and an Mw/Mn 
being 1.5-3.8. 

(2) Random propylene copolymers comprised predominantly of propylene and 0.1 -15% by weight of ethylene and/ 
or an a-olefin having at least 4 carbon atoms and having melting point of 100-1 60°C, a ratio of a mis-inserted unit 
based on 2,1 -insertion of propylene monomer in the total propylene insertion being 0.05-1 .0%, a content of an a, 
oo-diene being 0.01-2% by weight, and an Mw/Mn being 1.5-3.8, which has been obtained by conducting copoly- 
merization of propylene and ethylene and/or an a-olefin having at least 4 carbon atoms. 

(3) Propylene-based block copolymers having a ratio of a mis-inserted unit based on 2,1-insertion of propylene 
monomer in the total propylene insertion being 0.05-1 .0%, and a content of an a ; co-diene being 0.01 -2% by weight, 
which are comprised of a propylene homopolymer or a propylene random copolymer containing 0. 1 -1 5% by weight 
of ethylene and/or an a-olefin with at least 4 carbon atoms as a first stage polymerization product, and a propylene 
random copolymer as a rubbery component containing 30-80% by weight of ethylene and/or an a-olefin with at 
least 4 carbon atoms as a successive second stage polymerization product, a proportion of the second stage 
polymerization product being 5-70% by weight, and an a.w-diene having been random copolymerized at the first 
stage and/or the second stage polymerization. 

[0032] Any of the diene compounds having a vinyl bond at least a-position and co-position can be used as the a,u>- 
diene compound used in the present invention, which may have a linear chain structure or a branched chain structure 
and may contain a hetero atom such as an oxygen atom, a sulfur atom or a boron atom, or a hetero atomic group. 
Illustrative of the a,o>-diene compound are, for example, 1 ,3-butadiene, t ,4-pentadiene, 1 ,5-hexadiene, 1,6-heptadi- 
ene, 1 ,7-octadiene, 1 ,8-nonadiene, 1 ,9-decadiene, 1 ,10-undecadiene, 1 ,11-dodecadiene, 1 ,13-tetradecadiene, and 
divinylbenzene. Preferable are 1 ,5-hexadiene, 1 ,7-octadiene, and 1 ,9-decadiene, and more preferable is 1 ,9-decadi- 
ene. A content of the a,o>-diene is preferably 0.01-0.1% by weight. If the content is excessive, a gel portion will be 
formed thus resulting in inconvenience such as recycling by re-melting being difficult. 

[0033] Examples of the a-olefin utilizable for the present invention include, for example, 1-butene, 1-hexene, 2-oc- 
tene, 1-decene, 4-methyl-1-pentene and styrene. Among them. 1-butene is especially preferable. 
[0034] No limitation exists in the process for producing the propylene copolymers (1)-(3) of the present invention so 
far as the process satisfies the aforesaid factors. The propylene copolymers can, however, be produced preferably by 
carrying out the polymerization at a temperature above 45°C by the aid of the supported-type catalyst system. 
[0035] Examples of the compound (A) in the supported-type catalyst system include any of the compounds involved 
in the above definition. Illustrative of the compound (A) are, for example, dimethylsilylene(2,3,5-trimethylcyclopenta- 
dienyl)(2 , ,4',5 , -trimethylcyclopentadienyl)titanium dichloride : dimethylsilylene(2,3,5-trimethylcyclopentadienyl)(2',4',5'- 
trimethylcyclopentadienyl)zirconium dichloride, dimethylsilylene(2,3,5-trimethylcyclopentadienyl)(2 , ,4 , ,5 , -trimethylcy- 
clopentadienyl)zirconium dimethyl, dimethylsilylene(2,3 ) 5-trimethylcyclopentadieny!)(2',4 , ,5'-trimethylcyclopentadi- 
enyl)hafnium dichloride, dimethylsilylene(2,3,5-trimethylcyclopentadienyl)(2 , ,4 , ,5'-trimethylcyclopentadienyl)hafnium 
dimethyl, dimethylsilylene-bis(2-methyl-4-phenylindenyl)zirconium dichloride, dimethylsilylene-bis(2-ethyl-4-phenylin- 
denyl)zirconium dichloride, etc. Especially preferable is dimethylsilylene(2,3,5-trimethyicyclopentadienyl)(2',4 , ,5'-tri- 
methylcyclopentadienyl)zirconium dichloride. 

[0036] The aluminoxane of the compound (B) means an organoaluminum compound of the following genera! formula 



[1]or [2]: 



R 3 2 A1 - (OAl) q - 0A1R 3 2 




[1) 



(2) 



R3 



In these formulas, R 3 stands for a hydrocarbon group with 1 -6, preferably 1 -4 carbon atoms; more particularly, an alkyl 
group such as methyl, ethyl, propyl, butyl, isobutyl, pentyl or hexyl group; an alkenyl group such as allyl, 2-methylallyl, 
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propenyl, isopropenyl, 2-methyl-1 -propenyl or butenyl group; a cyctoalkyl group such as cyclopropyl, cyclobutyl, cy- 
clopentyl or cyclohexy! group; and an aryl group. Among these groups, an alkyl group is especially preferable. Each 
of R 3 groups may be the same or different. The notation q stands for an integer of 4-30, preferably 6-30, more preferably 
8-30. 

5 [0037] The aforesaid aluminoxane can be prepared in any of the known methods under various conditions. More 
particularly, the following methods can be illustrated: 

(1) A method wherein a trialkylaluminum is reacted directly with water, using an organic solvent such as toluene 
or ether, 

io (2) A method wherein a trialkylaluminum is reacted with a salt containing water of crystallization, for example, 

cupric sulfate hydrate, aluminum sulfate hydrate, etc., 

(3) A method wherein a trialkylaluminum is reacted with silica gel impregnated with water, 

(4) A method wherein trimethylaluminum is mixed with triisobutylaluminum and the mixture is reacted directly with 
water, using an organic solvent such as toluene or ether, 

15 (5) A method wherein trimethylaluminum is mixed with triisobutylaluminum and the mixture is reacted with a salt 

containing water of crystallization, for example, cupric sulfate hydrate or aluminum sulfate hydrate, and 
(6) A method wherein silica gel or the like is impregnated with water, then reacted with triisobutylaluminum, and 
thereafter with trimethylaluminum. 

20 [0038] Illustrative of the organoaluminum compound of the compound (C) are, for example, trialkylaluminums such 
as trimethylaluminum, triethylaluminum, triisopropylaluminum, triisobutylaluminum and tri-n-butylaluminum; dialkyla- 
luminum halides such as dimethylaluminum chloride, dimethylaluminum bromide, diethylaluminum chloride and diiso- 
propylaluminum chloride; and alkylaluminum sesquihalides such as methylaluminum sesquichloride, ethylaluminum 
sesquichloride, ethylaluminum sesquibromide and isopropylaluminum sesquichloride. Most preferable are triethylalu- 

25 minum and triisobutylaluminum. It is also possible to use at least 1 of these organoaluminum compounds together. 
[0039] Inorganic supportsor organic supports which are a granular or spherical particulate solid having a particle 
diameter of 1 -500 \im, preferably 5-300 jim are used as the compound (D). 

[0040] An oxide is preferably used as the aforesaid finely particulate inorganic carrier. More particularly, illustrative 
are, for example, Si0 2 , Al 2 0 3 , MgO, Zr0 2 , Ti0 2 and a mixture of these oxides. Among these oxides, a carrier containing 

30 as a main ingredient at least one selected from the group consisting of Si0 2 , Al 2 0 3 and MgO is preferable. These 
inorganic oxide supports are usually employed after they are baked for t-40 hours at 100-1 000°C. Instead of baking, 
a chemical dehydrating method using, for example, SiCI 4 , chlorosilane, etc. may be employed. Above all, illustrative 
of the inorganic compound utilizable as carrier are Si0 2 , Al 2 0 3) MgO, Ti0 2 , ZnO, etc. or a mixture of these, for example, 
Si0 2 -Al 2 0 3 , Si0 2 -MgO, Si0 2 -Ti0 2 , Si0 2 -AI 2 0 3 -MgO, etc. Among these, carriers chiefly containing Si0 2 or Al 2 0 3 are 

35 preferable. 

[0041] Further, examples of the finely particulate organic carrier include finely particulate organic polymers, for ex- 
ample, finely particulate polyolefin such as polyethylene, polypropylene, poly-1-butene, and poly-4-methyl-1-pentene 
and finely particulate polymers such as polystyrene. 

[0042] The catalyst system used in the present invention which is comprised predominantly of the compound (A) the 
io metallocene, the compound (B) the aluminoxane, the compound (C) the organoaluminum compound, and the com- 
pound (D) the fine particulate solid support, is composed of a supported-type catalyst component chiefly containing 
the compounds (A), (B) and (D) and the compound (C) which is preferably added separately to reaction system at the 
time of polymerization as scavenger. 

[0043] The aforesaid supported-type catalyst component can be obtained by reacting the compound (A) with the 
*5 compound (B) preferably in the presence of the compound (D). Usually, hydrocarbon-soluble metallocene compound 
and aluminoxane are converted into a desired supported catalyst by allowing them to deposit on a dehydrated support. 
[0044] The order of adding the metallocene compound and the aluminoxane may freely be changed. For example, 
the metallocene compound dissolved in an adequate hydrocarbon solvent can initially be added to the support and 
thereafter the aluminoxane can be added thereto. Alternatively, the aluminoxane and the metallocene compound are 
50 previously reacted together and then added to the support at the same time. It is also possible to add the aluminoxane 
initially to the support and then add the metallocene compound thereto. The temperature of the reaction is usually 
-20-1 00°C, preferably 0-100°C while the time required for the reaction is usually at least 0.1 minute, preferably within 
the range of 1 -200 minutes. The supported catalyst can be used at need after preliminary polymerization with a small 
amount of an olefin. 

55 [0045] Examples of an olefin used for the preliminary polymerization include ethylene, propylene, 1-butene, 1-hex- 
ene, 3-methyl-1-butene, 4-methyM-pentene, etc. At least two of these monomers may be copolymerized. 
[0046] The supported-type catalyst thus prepared is used for polymerization or copolymerization of propylene pref- 
erably together with the organoaluminum compound (C) employed as scavenger. 
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[0047] A known conventional polymerization process for polymers or copolymers of propylene is applicable to a 
process for producing polymers or copolymers of propylene. Thus, a variety of polymerization processes can be em- 
ployed such as a slurry polymerization process wherein propylene is polymerized or copolymerized in an inert solvent, 
for example, an aliphatic hydrocarbon such as butane, pentane, hexane, heptane or isooctane; an alicyclic hydrocarbon 
such as cyclopentane, cyclohexane or methylcyclohexane; an aromatic hydrocarbon such as toluene, xylene or ethyl- 
benzene; gasoline fractions or a hydrogenated diesel oil, a bulk polymerization process wherein propylene monomer 
per se is used as a solvent, a vapor phase polymerization process wherein polymerization of propylene is carried out 
in a vapor phase, a solution polymerization process wherein the resultant polymer or copolymer of propylene formed 
by polymerization is liquid, or a polymerization process wherein at least two of these polymerization processes are 
combined. 

[0048] A polymerization condition similar to that used for polymerization or copolymerization of olefins by the aid of 
a known Ziegler catalyst system can be adopted, which includes a polymerization temperature of 50-1 50°C, preferably 
50-1 00°C, a polymerization pressure of atmospheric pressure to 7 MPa : preferably 0.2-5 MPa, and a polymerization 
time of usually from one minute to 20 hours. In addition, regulation of the molecular weight of the obtained polymers 
or copolymers of propylene is attained by suitably selecting the above polymerization condition or by introducing a 
molecular weight regulator such as hydrogen into the reaction system. 

[0049] After completion of the copolymerization, a known conventional catalyst deactivation treatment, a step for 
eliminating catalyst residues, a drying step and the like after-treatment are carried out to obtain the propylene copolymer 
aimed at. 

[0050] An intrinsic viscosity [r\] of the propylene copolymer of the present invention measured in tetralin at 135°C 
was 0.2-10 dl/g. 

[0051] In the propylene copolymer of the present invention obtained as above, a relation: log(MS) > -1 .28xlog(MFR) 
+ 0.44 exists between meft strength (MS) at 230°C and melt flow index (MFR) measured at 230°C under a load of 
21.18N. 

[0052] In this case, the melt strength (MS) at 230°C was measured using a melt tension tester Type 2 (manufactured 
by Toyo Seiki Mfg. Co, Ltd.) by heating an olefin polymer or copolymer composition at 230°C in the apparatus, extruding 
the molten olefin polymer or copolymer composition into the air through a nozzle having a diameter of 2.095 mm to 
form a strand and measuring tension (in terms of cN) of the strand of polypropylene composition taken up at a velocity 
of3.14m/min. 

[0053] The propylene copolymer of the present invention has a ratio of a mis-inserted unit based on 2,1 -insertion of 
propylene monomer in the total propylene insertion being 0.05-1 .0%. 

[0054] The ratio of a mis-inserted unit based on the 2,1-insertion was obtained by utilizing 13 C-NMR with reference 
to Polymer 30, 1350 (1989). 

[0055] As described in Japanese Laid-open Patent Appln . No. Hei. 7-1 38327 and Japanese Laid-open Patent Appln. 
No. Hei. 8-92317, a content of an a,o>-diene can be obtained by calculation utilizing 13 C-NMR or by calculation of a 
difference between the number of moles of the diene monomer supplied at the time of polymerization and the number 
of moles of unreacted diene monomer at the time of finishing the polymerization. 

[0056] The propylene copolymers of the present invention may be incorporated with various additives such as anti- 
oxidants, UV-absorbing agents, antistatic agents, nucleating agents, lubricating agents, incombustible agents, anti- 
blocking agents, coloring agents, inorganic or organic fillers, or with various synthetic resins so far as the object of the 
present invention is not damaged. Usually, the copolymers are subjected to heating followed by melt-kneading and 
then to cutting to form pelletized chips for manufacturing various moldings. 

[0057] The present invention will now be illustrated in more detail by way of Examples and Comparative Examples. 
The definitions for technical terms and the methods for measurements given in Examples and Comparative Examples 
are as follows: 

MFR: In accordance with JIS K-7210, the value (Unit: g/10 min.) measured under the condition 14 (under a load 
of 21 .18N, 230°C) in Table 1 thereof. 

Intrinsic viscosity [tj]: A limiting viscosity measured in tetralin at 135°C was measured by way of an Ostwald's 
viscosimeter (manufactured by Mitsui-Toatsu kagaku KK) (Unit: dl/g). 

Melt Flow Rate (MFR): In accordance with JIS K-7210, the value (Unit: g/10 min.) measured under the condition 
14 (under a load of 21 .1 8N, 230°C) in Table 1 thereof. 

Melt strength (MS): measured by way of a melt tension tester Type 2 (manufactured by KK Toyo Seiki Seisakusho) 
(Unit: cN). 

Melting point (Tm): Using DSC7 type Differential Scanning Calorimeter (manufactured by Perkin-Eimer), the melt- 
ing points of polymers and copolymers of olefins were measured according to the method wherein a sample of 
the polymer or copolymer was heated from room temperature up to 230°C at a heat-elevation rate of 30°C/min., 
maintained at the same temperature for 10 minutes, then depressed in temperature down to -20°C at a rate of 
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-20°C/min., maintained at this temperature for 10 minutes and again heated at a rate of 20°C/min. whereby a 
temperature showing a peak of melting was determined as melting point. 

Crystallizing temperature 0" c ) : Using DSC7 type Differential Scanning Calorimeter (manufactured by Perkin-Elm- 
er), the crystallizing temperature of polymers and copolymers of olefins was measured according to the method 

5 wherein a sample of the polymer or copolymer was heated from room temperature up to 230°C at a heat-elevation 

rate of 30°C/min M maintained at the same temperature for 10 minutes, then depressed in temperature down to 
-20°C at a rate of -20°C/min,, maintained at the same temperature for 1 0 minutes and again heated up to 230°C 
at a temperature-elevation rate of 20°C/min. p maintained at the same temperature for 10 minutes, depressed in 
temperature down to 150°C at a rate of -80°C/min., and further depressed in temperature at a rate of -5°C/min. 

10 whereby a temperature showing the maximum peak at the time of crystallization was determined as the crystalli- 

zation temperature (Unit: °C). 

Molecular weight distribution (Mw/Mn): Mw, Mn and Mw/Mn were measured by calculation based on the result of 
the gel permeation chromatography (GPC) according to the following methods: Using an o-dichlorobenzene so- 
lution having a polymer concentration of 0.05% by weight and using a mixed polystyrene gel column (for example, 
15 PSKgel GMH6-HT marketed by Toso K.K.), the measurement was carried out at 135 6 C. As the measuring appa- 

ratus was used, for example, GPC-150 (manufactured by Waters Corp. ). 

Heat stability: A propylene copolymer in an amount of 1 00 parts by weight was incorporated with 0.1 part by weight 
of 2,6-di-ter/-butyl-p-cresol and 0.1 part by weight of calcium stearate, and the mixture was melt-kneaded in an 
extrusion-pelletizer having a screw of 40 mmi)) at 230°C and pelletized to produce pellets of the propylene copol- 

20 ymer. Heat stability of the copolymer was measured as follows: The resultant pellets were melt-kneaded in the 

above extrusion-pelletizer and pelletized further two times, and thereafter the melt flow rate (MFR) of the finally 
obtained pellets was measured (Unit: g/10 min.) according to JIS K-7210, Condition 14 in Table 1 thereof. A dif- 
ference between MFR of the initially obtained pellets and MFR of the finally obtained pellets was calculated (MFR 
of the final pellets minus MFR of the initial pellets, i.e. AMFR). The smaller the difference (AMFR), the better the 

25 heat stability. 

<Example 1> 

[Preparation of supported-type catalyst] 

30 

[0058] In a well dried 500 ml flask the air in which had been replaced with N 2 were placed 0.39 g (0.889 mmole) of 
dimethylsilylene(2,3 : 5-trimethylcyclopentadienyl)(2',4 , J 5 , -trimethylcyclopentadienyl)zirconium dichloride and 267 
mmole of methylaluminoxane diluted with toluene (in terms of Al atom). The mixture is reacted together for 1 0 minutes. 
To this reaction mixture was added 10 g of silica (marketed by Grace Davison) baked at 800°C for 8 hours, and the 

35 mixture was stirred for 10 minutes. While making the flask vacuum from the top of the container, a very slight stream 
of nitrogen was introduced from the bottom. The mixture was then heated at 70°C while the solvent was allowed to 
evaporate for a period of 9 hours. The resultant dried solid was cooled at room temperature overnight. In a well dried 
500 ml flask the air in which had been replaced with N 2 were placed the resultant solid catalyst and 250 ml of isopentane, 
and the mixture was cooled to 0°C. Ethylene was then added to the flask at a flow rate of 80 ml/min. continuously for 

to 4 hours to effect preliminary polymerization. The supernatant liquid was then removed by decantation and the residue 
was washed four times with 1 000 ml of isopentane by decantation. The residue was dried in vacuo for 2 hours at room 
temperature to prepare 35 g of a supported-type catalyst. 

[Production of propylene copolymer] 

45 

[0059] In a 1 5 liter autoclave the air in which had fully been replaced with nitrogen were placed 1 2 mmole of tnethy- 
laluminum, 2 g (14.5 mmole) of 1 ,9-decadiene and 8 liters of liquefied propylene, and the mixture was stirred for 10 
minutes while elevating temperature to 50°C. A slurry of the supported-type catalyst in an amount of 2.18 g prepared 
as above in hexane was introduced under pressure into the autoclave while washing it with 2 liters of liquefied propylene 
50 to initiate polymerization, and the polymerization reaction was carried out for 2 hours at 50°C. The resultant powder 
was 1 .8 kg. On analysis of the copolymer of propylene and 1 ,9-decadiene thus obtained revealed that a melting point 
was 155.8°C, a crystallizing temperature was 114.8°C, a content of 1,9-decadiene was 0.01% by weight, a ratio of a 
mis-inserted unit based on 2,1 -insertion of propylene monomer in the total propylene insertion was 0.4%, and a melt 
strength was 0.6 cN. Further, an MFR was 9.5 g/10 min, an Mw/Mn was 2.5 and a bulk density was 0.43 g/ml. 

55 

[Evaluation of Heat stability] 

[0060] The initial pellets have an MFR of 9.5 g/1 0 min while the final pellets have an MFR of 9.7 g/1 0 min. As a result, 
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AMFR was 0.2, thus showing excellent heat stability. 

<Example 2> 

5 [Production of propylene copolymer] 

[0061] In a 15 liter autoclave the air in which had fully been replaced with nitrogen were placed 12 mmole of triethy- 
laluminum, 2 g (14.5 mmole) of 1 ,9-decadiene and 8 liters of liquefied propylene, and the mixture was stirred for 10 
minutes while elevating temperature to 50°C. A slurry of the supported-type catalyst in an amount of 2.1 g prepared 

10 as in Example 1 in hexane was introduced under pressure into the autoclave while washing it with 2 liters of liquefied 
propylene to initiate polymerization, and the polymerization reaction was carried out for 2 hours at 50°C. The resultant 
powder was 1 .9 kg. On analysis of the copolymer of propylene and 1 ,9-decadiene thus obtained revealed that a melting 
point was 1 56.6 0 C, a crystallizing temperature was 1 1 4.9°C, a content of 1 ,9-decadiene was 0.02% by weight, a ratio 
of a mis-inserted unit based on 2,1 -insertion of propylene monomer in the total propylene insertion was 0.4%, and a 

15 melt strength was 7.5 cN. Further, an MFR was 1 .0 g/10 min, an Mw/Mn was 2.6 and a bulk density was 0.43 g/ml. 

<Comparative Example 1 > 
[Preparation of supported-type catalyst] 

20 

[0062] A supported-type catalyst was prepared as in Example 1 except that dimethylsilylene-bis(2-methyl-4,5-ben- 
zoindenyl)zirconium dichloride was used as metallocene in place of dimethylsilylene(2,3,5-trimethylcyclopentadienyl) 
(2 , ,4 , > 5'-trimethylcyclopentadienyl)zirconium. dichloride. 

25 [Production of propylene copolymer] 

[0063] In a 15 liter autoclave the air in which has fully been replaced with nitrogen were placed 12 mmole of triethy- 
laluminum, 2 g (14.5 mmole) of 1 ,9-decadiene and 8 liters of liquefied propylene, and the mixture was stirred for 10 
minutes while elevating temperature to 50°C. The supported-type catalyst in an amount of 2.0 g prepared as above in 

30 a hexane slurry was introduced under pressure into the autoclave while washing it with 2 liters of liquefied propylene 
to initiate polymerization and the polymerization reaction was carried out for 2 hours at 50°C. The resultant powder 
was 2.0 kg. On analysis of the copolymer of propylene and 1 ,9-decadiene thus obtained revealed that a melting point 
was 144. 2°C, a crystallizing temperature was 106.7°C > a content of 1 ,9-decadiene was 0.01% by weight, a ratio of a 
mis-inserted unit based on 2,1 -insertion of propylene monomer in the total propylene insertion was 1.6%, and a melt 

35 strength was 5.9 cN. Further, an MFR was 1.1 g/10 min, an Mw/Mn was 2.7 and a bulk density was 0.40 g/ml. 

Comparative Example 2> 
[Production of propylene copolymer] 

40 

[0064] In a 15 liter autoclave the air in which had fully been replaced with nitrogen were placed 8 liters of liquefied 
propylene and the temperature was elevated up to 50°C while stirring. A slurry of the supported-type catalyst in an 
amount of 2.3 g prepared as in Example 1 in hexane was introduced under pressure into the autoclave while washing 
it with 2 liters of liquefied propylene to initiate polymerization and the polymerization reaction was carried out for 2 
^5 hours at 50°C. The resultant powder was 0.6 kg. A melt strength of the propylene polymer thus obtained was 0.2 cN. 
Further, an MFR was 9.6 g/1 0 min, an Mw/Mn was 2.4 and a bulk density was 0.40 g/ml. 

[0065] As is evident from comparison of Examples with Comparative Examples, it is noted that products excellent 
in physical properties such as melt strength, molecular weight, etc. are not obtained in the case wherein a supported- 
type catalyst other than the specific metallocene compound is used at a polymerization temperature above 45°C. 
50 [0066] According to the present invention, propylene copolymers of excellent particulate properties and heat stability 
wherein a percentage of mis-insertion in polymers is highly controlled, a molecular weight distribution is narrow, a melt 
strength is high while an MFR is low, are obtained by the aid of a specific metallocene catalyst system at a practical 
polymerization temperature. 

55 

Claims 

1. Random propylene copolymers comprised predominantly of propylene and an a.w-diene and having a melting 
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point of 1 47-1 60°C, a ratio of a mis-inserted unit based on 2, t -insertion of propylene monomer in the total propylene 
insertion being 0.05-1.0%, a content of the a,u>-diene being 0.01-2% by weight, and an Mw/Mn being 1.5-3.8. 

2. Propylene copolymers according to claim 1 , wherein a melting point is 152-160°C. 

3. Random propylene copolymers comprised predominantly of propylene and 0.1-15% by weight of ethylene and/or 
an a-olefin having at least 4 carbon atoms and having melting point of 100-160°C, a ratio of a mis-inserted unit 
based on 2,1 -insertion of propylene monomer in the total propylene insertion being 0.05-1 .0%, a content of an a, 
a>-diene being 0.01-2% by weight, and an Mw/Mn being 1.5-3.8, which has been obtained by conducting copoly- 
merization of propylene and ethylene and/or an a-olefin having at least 4 carbon atoms. 

4. Propylene-based block copolymers having a ratio of a mis-inserted unit based on 2,1 -insertion of propylene mon- 
omer in the total propylene insertion being 0.05-1.0%, and a content of an a,o>-diene being 0.01-2% by weight, 
which are comprised of a propylene homopolymer or a propylene random copolymer containing 0.1-1 5% by weight 
of ethylene and/or an a-olefin with at least 4 carbon atoms as a first stage polymerization product, and a propylene 
random copolymer as a rubbery component containing 30-80% by weight of ethylene and/or an a-olefin with at 
least 4 carbon atoms as a successive second stage polymerization product, a proportion of the second stage 
polymerization product being 5-70% by weight, and an a,a)-diene having been random copolymerized at the first 
stage and/or the second stage polymerization. 

5. Propylene copolymers according to claim 3, wherein the a-olefin is at least one selected from the group consisting 
of 1-butene, 1-hexene and 1-octene. 

6. Propylene copolymers according to any one of the claims 1 -4, wherein the a,o>-diene is at least one selected from 
the group consisting of 1 ,5-hexadiene, 1 ,7-octadiene and 1 ,9-decadiene. 

7. Propylene copolymers according to any one of the claims 1 -4, wherein the a : a>-diene is 1 : 9-decadiene. 

8. Propylene copolymers according to any one of the claims 1 -6 : wherein the content of the a,io-diene is from 0.01% 
by weight to not more than 0.05% by weight. 

9. A process for producing the propylene copolymers of any one of the claims 1 -8 : which comprises conducting the 
polymerization at a temperature above 45°C by the aid of a catalyst system comprised predominantly of the fol- 
lowing compounds (A), (B), (C) and (D): 

the compound (A) being a transition metal compound of the general formula: 

Q(C 5 H4. m O(C5H4. n R^MXY [I] 

wherein (C 5 H 4 _ m R 1 m ) and (C 5 H 4 . n R 2 n ) each stand for a substituted cyclopentadienyl group, m and n each stands 
for an integer of 1 -3, R 1 and R 2 may be the same or different and each stands for a hydrocarbon group with 1 -20 
carbon atoms, a silicon-containing hydrocarbon group, with the proviso that the site and kind of R 1 and R 2 on the 
cyclopentadienyl rings should take a configuration where any symmetrical plane containing M is absent and that 
R 1 or R 2 is existent in at least one carbon atom adjacent to the carbon atom connected to Q in at least one cy- 
clopentadienyl ring, Q stands for a bivalent hydrocarbon radical unsubstituted silylene radical or a hydrocarbon- 
substituted silylene radical bridging the groups (C 5 H 4 . m R 1 m ) and (C 5 H4_ n R 2 n ), M stands for a transition metal Ti, 
Zr or Hf, and X and Y may be the same or different and each stands for a hydrogen atom, a halogen atom or a 
hydrocarbon group, 

the compound (B) being an aluminoxane, 

the compound (C) being an organoaluminum compound, and 

the compound (D) being a finely particulate carrier. 

10. A process for producing propylene copolymers according to claim 9 wherein the compound (A) is dimethylsilylene 
(2,3 f 5-trimethylcyclopentadienyl)(2',4' ( 5 , -trimethylcyclopentadienyl)zirconium dichloride or dimethylsilylene 
(2,3 1 5-trimethylcyclopentadienyl)(2 , ,4 , ,5 , -trimethylcyclopentadienyl)hafnium dichloride. 

11. A process for producing propylene copolymers according to claim 9 or 10, wherein the copolymers are produced 
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by a vapor phase polymerization process. 



Patentanspriiche 

5 

1. Statistische Propylencopolymere, umfassend uberwiegend Propylen und ein a.oo-Dien, und die einen Schmelz- 
punkt von 147 bis 160°C aufweisen, wobei ein Verhaltnis einer fehlinsertierten Einheit, bezogen auf eine 2,1 -In- 
sertion von Propylenmonomer in der Gesamtpropyleninsertion, 0 : 05 bis 1 ,0%, ein Gehalt des a,o>-Diens 0,01 bis 
2 Gew.-% und Mw/Mn 1 ,5 bis 3,8 betragen. 

10 

2. Propylencopolymere nach Anspruch 1 , wobei der Schmelzpunkt 152 bis 160°C betragt. 



3. Statistische Propylencopolymere, umfassend uberwiegend Propylen und 0,1 bis 15 Gew.-% Ethylen und/oderein 
a-Olefin mit mindestens 4 Kohlenstoffatomen, und die einen Schmelzpunkt von 100 bis 160°C aufweisen, wobei 
15 ein Verhaltnis einer fehlinsertierten Einheit, bezogen auf eine 2,1 -Insertion von Propylenmonomer in der Gesamt- 

propyleninsertion, 0,05 bis 1 ,0%, ein Gehalt eines a,o>Diens 0,01 bis 2 Gew.-% und Mw/Mn 1 ,5 bis 3,8 betragen, 
die mittels DurchfCihren einer Copolymerisation von Propylen und Ethylen und/oder einem a-Olefin mit mindestens 
4 Kohlenstoffatomen erhalten sind. 



20 4. Blockcopolymere auf Propylenbasis mit einem Verhaltnis einer fehlinsertierten Einheit bezogen auf eine 2,1 -In- 
sertion von Propylenmonomer in der Gesamtpropyleninsertion, von 0,05 bis 1,0% und einem Gehalt eines a, 
a>-Diens von 0.01 bis 2 Gew.-%, umfassend ein Propylenhomopolymer Oder ein statistisches Propylencopolymer, 
das 0,1 bis 15 Gew.-% Ethylen und/oder ein a-Olefin mit mindestens 4 Kohlenstoffatomen als ein Polymerisati- 
onsprodukt einer ersten Stufe enthalt, und ein statistisches Propylencopolymer als eine Kautschukkomponente, 

25 das 30 bis 80 Gew.-% Ethylen und/oder ein a-Olefin mit mindestens 4 Kohlenstoffatomen als ein Polymerisations- 

produkt einer nachfolgenden zweiten Stufe enthalt, wobei der Anteil des Polymerisationsprodukts der zweiten 
Stufe 5 bis 70 Gew.-% betragt, und wobei ein a : u>-Dien in einer Polymerisation der ersten Stufe und/oder der 
zweiten Stufe statistisch copolymerisiert wurde. 

30 5. Propylencopolymere nach Anspruch 3, wobei das a-Olefin mindestens eines, ausgewahlt aus der Gruppe, beste- 
hend aus 1-Buten, 1-Hexen und 1-Octen, ist. 



6. Propylencopolymere nach einem der Anspruche 1 bis 4, wobei das a,u>-Dien mindestens eines, ausgewahlt aus 
der Gruppe, bestehend aus 1 ,5-Hexadien, 1,7-Octadien und 1 ,9-Decadien, ist. 

35 

7. Propylencopolymere nach einem der Anspruche 1 bis 4, wobei das a : io-Dien 1,9-Decadien ist. 

8. Propylencopolymere nach einem der Anspruche 1 bis 6, wobei der Gehalt an a.to-Dien von 0,01 Gew.-% bis nicht 
m eh r als 0,05 Gew.-% betragt. 

40 

9. Verfahren zur Herstellung der Propylencopolymere nach einem der Anspruche 1 bis 8, umfassend das Durchfuhren 
der Polymerisation bei einer Temperatur oberhalb 45°C mit Hilfe eines Katalysatorsystems, umfassend uberwie- 
gend die folgenden Verbindungen (A) : (B), (C) und (D): 

wobei die Verbindung (A) eine Ubergangsmetallverbindung der allgemeinen Formel: 

45 

Q(C 5 H^R 1 m )(C 5 H^ n R 2 n )MXY [I] 

ist, wobei (C 5 H^ m R 1 m ) und (C 5 H^ n R 2 n ) jeweils fur eine substituierte Cyclopentadienylgruppe stehen, m und n 
50 jeweils fur eine ganze Zahl von 1 bis 3 stehen, R 1 und R 2 gleich oder unterschiedlich sein konnen und jeweils fur 

eine Kohlenwasserstoff gruppe mit 1 bis 20 Kohlenstoffatomen . eineSiliziumenthaltendeKohlenwasserstoffgruppe 
stehen, mit der MaBgabe, daB die Stelie und die Art von R 1 und R 2 an den Cyclopentadienylringen eine Konfigu- 
ration einnehmen sollte, bei der jede M-enthaltende Symmetrieebene nicht vorhanden ist, und daB R 1 oder R 2 in 
mindestens einem Kohlenstoffatom, benachbart zu dem Kohlenstoffatom, das an Q in mindestens einem Cyclo- 
55 pentadienylring gebunden ist, vorkommt, wobei Q fur einen zweiwertigen Kohlenwasserstoff rest, unsubstituierten 

Silylenrest oder einen Kohlenwasserstoff-substituierten Silylenrest steht, der die Gruppen (C 5 H4. m R 1 m ) und 
(C 5 H^ n R 2 n ) uberbruckt, wobei M fur ein Ubergangsmetall Ti, Zr oder Hf steht und X und Y gleich oder unterschied- 
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lich sein konnen und jeweils fur ein Wasserstorfatom, ein Halogenatom oder eine Kohlenwasserstoffgruppe stehen, 

die Verbindung (B) ein Aluminoxan ist, 

die Verbindung (C) eine Organoaluminiumverbindung ist und 

die Verbindung (D) ein feiner teilchenformiger Trager ist. 

10. Vertahren zur Herstellung von Propylencopolymeren nach Anspruch 9, wobei die Verbindung (A) Dimethylsilylen 
(2,3,5-trimethylcyclopentadienyl)(2\4\5 , ^rirnethylcyclopentadienyl)zirconiumdichlorid oder Dimethylsilylen 
(2,3 > 5-trimethylcyclopentadienyl){2\4\5'"trimethylcyclopentadienyl)hafniumdichlorid ist. 

11. Vertahren zur Herstellung von Propylencopolymeren nach Anspruch 9 oder 10, wobei die Copolymere durch ein 
Dampfphasenpolymerisationsverfahren hergestellt werden. 



Revendications 

1 . Copolymeres statistiques de propylene constitues principalement de propylene et d'un a.w-diene et ayant un point 
de fusion de 147 a 160°C r une proportion de motifs mal inseres sur la base d'une insertion 2,1 du monomere 
propylene dans I'insertion de propylene totale de 0,05 a 1 ,0%, une teneur en a.co-diene de 0,01 a 2% en poids et 
un rapport Mw/Mn de 1.5 a 3,8. 

2. Copolymeres de propylene suivant la revendication 1 , dont le point de fusion est compris dans I'intervalle de 152 
a 160°C. 

3. Copolymeres statistiques de propylene constitues principalement de propylene et de 0, 1 a 1 5% en poids d'ethylene 
et/ou d'une a-olefine ayant au moins 4 atomes de carbone et ayant un point de fusion de 100 a 160°C, une 
proportion de motifs mal inseres sur la base de I'insertion 2,1 du monomere propylene dans I'insertion de propylene 
totale de 0,05 a 1 ,0%, une teneur en a,a>-diene de 0,01 a 2% en poids et un rapport Mw/Mn de 1 : 5 a 3,8, qui a 
ete obtenu en effectuant la copolymerisation de propylene et d'ethylene et/ou d'une a-olefine ayant au moins 4 
atomes de carbone. 

4. Copolymeres sequences a base de propylene ayant une proportion de motifs mal inseres sur la base de I'insertion 
2,1 du monomere propylene dans I'insertion de propylene totale de 0,05 a 1 ,0%, et une teneur en a.w-diene de 
0,01 a 2% en poids, qui sont constitues d'un homopolymere de propylene ou d'un copolymere statistique de pro- 
pylene contenant 0,1 a 1 5% en poids d'ethylene et/ou d'une a-olefine ayant au moins 4 atomes de carbone comme 
produit de polymerisation de premiere etape, et un copolymere statistique de propylene comme constituant caout- 
chouteux contenant 30 a 80% en poids d'ethylene et/ou d'une a-olefine ayant au moins 4 atomes de carbone 
comme produit de polymerisation de seconde etape suivante, la proportion du produit de polymerisation de se- 
conde etape allant de 5 a 70% en poids, et un a,o>-diene ayant subi une copolymerisation statistique lors de la 
polymerisation de premiere etape et/ou de seconde etape. 

5. Copolymeres de propylene suivant la revendication 3, dans lesquels I'a-olefine est au moins une a-olefine choisie 
dans le groupe consistant en 1-butene, 1-hexene et 1-octene. 

6. Copolymeres de propylene suivant Tune quelconque des revendications 1 a 4, dans lesquels I'a.w-diene est au 
moins un a,u>-diene choisi dans le groupe consistant en 1 ,5-hexadiene, 1 ,7-octadiene et 1 ,9-decadiene. 

7. Copolymeres de propylene suivant I'une quelconque des revendications 1 a 4, dans lesquels l'a,a>-diene est le 
1 ,9-decadiene. 

8. Copolymeres de propylene suivant I'une quelconque des revendications 1 a 6, dans lesquels la quantite d'a,(o- 
diene est comprise dans I'intervalle de 0,01% en poids a une valeur non superieure a 0,05% en poids. 

9. Procede pour la production des copolymeres de propylene suivant I'une quelconque des revendications 1 a 8, qui 
comprend la conduite de la polymerisation a une temperature superieure a 45°C au moyen d'un systeme de 
catalyseur constitue principalement des composes (A), (B), (C) et (D) suivants : 

le compose (A) etant un compose de metal de transition de formule generate : 
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OtCsH^R^MCjH^R^MXY (I) 

dans laquelle (C 5 H4. m R 1 m ) et (CgH^R 2 ,,) represente chacun un groupe cyclopentadienyle substitue, m et n re- 
presente chacun un nombre entier de 1 a 3, R 1 et R 2 peuvent etre identiques ou differents et chacun represente 
un groupe hydrocarbone de 1 a 20 atomes de carbone, un groupe hydrocarbone contenant du silicium, sous 
reserve que le site et le type de groupes R 1 et R 2 sur les noyaux cyclopentadienyle prennent une configuration 
dans laquelle n'importe quel plan de symetrie contenant m est absent et que R 1 ou R 2 existe dans au moins un 
atome de carbone adjacent a I'atome de carbone connecte a Q dans au moins un noyau cyclopentadienyle, Q 
represente un radical hydrocarbone bivalent, un radical silylene non substitue ou un radical silylene a substituant 
hydrocarbone assurant le pompage des groupes (CsH^R 1 ^ et (C 5 H^ n R 2 n ), M represente un metal de transition 
Ti, Zr ou Hf, et X et Y peuvent etre identiques ou differents et representent chacun un atome d'hydrogene, un 
atome d'halogene ou un groupe hydrocarbone, 
le compose (B) etant un aluminoxane, 
le compost (C) etant up compose organique d'aluminium, et 
le compose (D) etant un support en fines particules. 

10. Procede pour la production de copolymeres de propylene suivant la revendication 9, dans lequet le compose (A) 
est le dichlorure de dimethylsilylene(2,3,5-trim^ 

ou le dichlorure de dimethylsilylene(2,3,5-trimethylcyclopentadienyl)-(2\4\5 , -trimethylcyclopentadienyl)hafnium 

11. Procede pour la production de copolymeres de propylene suivant la revendication 9 ou 10, dans lequel les copo- 
lymeres sont produits par un procede de polymerisation en phase vapeur. 
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